Blood was taken from normal subjects at monthly intervals over a period of one year for subsequent determination of serum thyroid hormone concentrations. Thyroid-stimulating hormone (TSH) responses to TSH-releasing hormone were performed at 3-monthly intervals. This study provided data on within-individual variation and on seasonally-related changes of these thyroid function tests.
Laboratory 'normal ranges' are usually based on results from a group of healthy subjects and, for data showing a Gaussian distribution, conventionally embrace values extending to two standard deviations from the mean value. It is well recognised, however, that withinindividual variation of many biochemical tests is considerably less than the population-based reference interval (usually referred to as the 'normal range').l- 4 We have studied withinindividual variation of serum thyroid hormone concentrations over a 13-month period; in addition, this investigation has allowed us to determine the extent of any seasonal influence on thyroid hormone values. Thyroid-stimulating-hormone-releasing hormone (TRH) tests were performed at intervals during the study.
Methods
Six normal subjects (three male, three female) took part. Blood was taken without venous stasis" from each subject, who was seated quietly at the time of venepuncture. The samples were taken during the first 10 days of each calendar month for 13 months (October-October), and from each subject at the same time of day. Sera were stored at -20°C until the end of the study and those from each subject were assayed in a single batch to eliminate between-assay variation. Studies in this laboratory have confirmed other reports": 7 that serum thyroid hormones are stable under these conditions for at least one year. TRH tests were conducted using a 200 J.lg bolus intravenous injection (TRH, Roche Products Ltd) and blood was taken before and at 10, 20, 30, 45 and 60 min after TRH; these tests were performed every three months at 0, 3, 6 and 12 months of the study. An exceptionally cold period occurred between 2 and 3 months after the conclusion of the study and the six subjects were recalled for a further TRH test at this time (referred to as January-2). Total thyroxine (TT4) and total triiodothyronine (TTI) were measured by standard radioimmunoassays, and thyroxine-binding globulin (TBG), prealbumin and albumin by immunoprecipitation methods. TSH and free thryoxine (Ff4) were assayed using reagents supplied by Amersham International, and 3,3' ,5'-triiodothyronine (reverse 1'3, rTI) by radioimmunoassay using an antiserum showing a cross-reactivity of less than 0·07% with respect to thryoxine, and less than 0·03% with respect to triiodothyronine. Within-assay precision figures were obtained from replicate analyses (n> 15) .
Daily temperature records were supplied by 
Results
subjects over the one-year period are shown in Fig. 1 . For all measurements the withinindividual variation is considerably less than the laboratory 'normal range'. Analysis of variance reveals that the contribution of withinindividual to between-individual variance (analytical factors included) is only 15%, 22%, 25%, 15% and 5% for TT4, TT3, rT3, FT4 and TBG respectively (Fig. 2) . The proportion of within-individual variation (taken as 100%) attributable to analytical imprecision is 6%, 60%,27%,10% and 8%, again for TT4, TT3, rT3, FT4 and TBG respectively.
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Discussion
Variation of a biochemical measurement is influenced by three factors: analytical imprecision; within-individual variation (which would include sample collection and sample handling procedures prior to analysis) and between-individual variation.' Our results show that over a 13-month period serum thyroid hormone concentrations vary within relatively narrow limits. Analysis of variance shows that the proportion of this individual variance due to analytical imprecision is less than 11% for 114 and Ff4, but 60% for 113. Thus for 113 in particular an improvement in analytical technique would lead to a substantial and clinically significant reduction in apparent withinindividual variance but this would not be so for 114 and Ff4 measurements. Of greater relevance to the interpretation of thyroid function tests is our observation that the major contribution to overall variance of thyroid hormone values arises from between-person differences. This conclusion accords with the physiological findings that small changes in circulating thyroid hormone concentrations, within the populationbased 'normal range', modify pituitary TSH secretion.8. 9 Thus interpretation of thyroid hormone results against a between-person 'normal range' should not be applied too rigorously. Other studies of biochemical measurements in which within-individual variation is small compared with between-individual variation (e.g. alkaline phos~hatase, cholesterol, lactate dehydrogenase!' 4. ! ) have emphasised the insensitivity of population-based 'normal ranges' to potentially-important changes of state within an individual. Such studies have not, however, extended to a period as long as 13 months which perhaps makes our comments regarding thyroid hormones even more pertinent.
Despite the narrow range within which thyroid hormone concentrations are maintained, we have demonstrated a significant seasonal variation in 114, 113 and Ff4 concentrations in normal subjects resident in the U.K. Although we were unable to measure free triiodothyronine concentrations in all samples, where this was possible similar trends were observed to those noted for Ff4. Studies from other countries describe similar changes in serum 114 and Tf3 concentrations in both blood" and in 24-h urine samples.F Others have found an increase only in serum 113 during winter months. 13. 14 These observations have invariably been interpreted as reflecting seasonal temperature change. It is of interest to note that a seasonal variation in neonatal thyroid function has been described with higher serum 114 and TSH concentrations in the winter period.P The pattern of TSH response through the year, when higher values occur when circulating thyroid hormone values are also highest, suggests that the circannual changes are centrally, rather than peripherally, mediated. The similar trends in serum 113 and rT3 concentrations suggest that an alteration in peripheral deiodination of thyroxine does not contribute to the circannual changes. In this respect, however, our observations contrast with those from Japanese workers who described reciprocal changes in serum 113 and rT3 between winter and summer, 16 and no circannual variation in the TSH response to TRH.!4
In laboratory animals acute cold exposure increases serum TSH concentrations; this is probably mediated by changes in TRH secretion,'? ' 18 In humans, there is conflicting evidence regarding changes in serum thyroid hormone and TSH concentrations in response to acute cold stress. 19 
'D
1D lD mUll TSH demonstrated in patients with primary hypothyroidism in whom the pituitary gland is not exposed to feedback inhibition by circulating thyroid hormones.F The association of a circannual rhythm in thyroid hormone and TSH secretion with environmental temperature of course does not prove a 'cause and effect' relationship. Other factors which vary through the year, and which could conceivably affect thyroid function include exercise, daylength and dietary iodine intake, especially that in milk. 23 In summary, we have observed the insensitivity of the population-based 'normal range' when an individual's thyroid function is being assessed and a circannual variation in serum thyroid hormone concentrations and in the TSH response to TRH. The relevance to the interpretation of thyroid function tests of this small but significant circannual variation is perhaps questionable, particularly if the yardstick for comparison of routine tests is the between-individual range. However, seasonal variation is a contributary factor to the withinindividual variation of longitudinal surveillance.
